Purpose of Review Cardiovascular disease (CVD) increasingly afflicts people living with HIV (PLWH) in the contemporary era of antiretroviral therapy (ART). Coronary artery disease (CAD) is the most widely studied cardiovascular problem in PLWH; however, less is known about other clinically relevant subtypes of CVD such as heart failure (HF), cerebrovascular disease, sudden cardiac death, pericardial diseases, and pulmonary hypertension. This paper reviews evidence of other subtypes of CVD as emerging issues in the post-ART era. Recent Findings Recent studies have shown that PLWH have higher risk of HF as well as subclinical impairment of left ventricular (LV) mechanics (systolic and diastolic dysfunction) and myocardial abnormalities (fibrosis and steatosis). The underlying mechanisms, however, are not well-understood. A few studies have also shown higher rates of atrial fibrillation and sudden cardiac death in PLWH. Ischemic stroke is the most common stroke type in the post-ART era, with underlying mechanisms like those identified in CAD: chronic inflammation and associated vasculopathy. Studies of great vessels (carotid artery and aorta) and peripheral arterial disease show heterogeneous results. Small subclinical pericardial effusions are common in PLWH in post-ART era. Pulmonary hypertension continues to be an underdiagnosed and potentially fatal complication of HIV infection. Summary PLWH remain at higher risk for all types of CVD including heart failure, stroke, and arrhythmias in the post-ART era. Chronic inflammation may play an important role in this increased risk. More studies are needed to further elucidate the extent of non-coronary CVD in PLWH and the underlying mechanisms for them.
Introduction
The effects of HIV infection on the cardiovascular system have changed in post-antiretroviral therapy (ART) era. As discussed in our companion article published in this issue [1] , people living with HIV infection (PLWH) now live longer and thus will encounter more chronic diseases that are traditionally associated with aging, such as cardiovascular diseases (CVD). Coronary artery disease (CAD) is one of the first cardiovascular diseases that were reported in the post-ART era and is the most widely studied. However, recent studies have shown that the risk of CVD goes beyond coronary artery disease. In fact, the increased risk of conditions such as myocardial diseases appears to be even more dramatic than that of coronary artery disease. This article expands the discussion of CVD in HIV patients beyond coronary artery disease.
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Heart Failure and Myocardial Diseases in HIV-Infected Patients
The clinical narrative of HIV-associated myocardial disease has changed with the widespread availability of ART. While HIVassociated cardiomyopathy was reported in 10-40% of HIV+ patients prior to ART [2•] , there is a significant reduction in this rate after introduction of ART [3] . This reduction in cardiomyopathy and overt myocarditis (due to HIVor other co-infections) resulted in the initial underestimation of the risk of myocardial involvement and heart failure (HF) in HIV+ patients on ART. However, recent studies have shown that even on ART, HIVinfected patients remain at higher risk of HF [4] [5] [6] . More importantly, recent studies using cardiac imaging have shown the involvement of myocardium and impairment of global and regional systolic function as well as diastolic function even in asymptomatic HIV+ individuals on ART.
Heart Failure
Heart failure remains a significant problem in HIV-infected patients [4, 5] . A study on more than 8,000 veterans enrolled in two cohorts reported an age-and race/ethnicity-adjusted incidence of 7.1 (95% CI 6.9-7.3) and 4.8 (95% CI 4.7-4.9) per 1000 person-years for HIV-infected and uninfected veterans, respectively [6] . After adjustment for traditional risk factors, HIV-infected patients had a hazard ratio of 1.8 (95% CI 1.4-2.4) for developing HF and this increased risk persisted even among those without CAD. In this study, veterans on ART whose viral load was less than 500 copies/mL did not have an increased risk of symptomatic HF. However, a recent study of 36,400 patients with HIV and more than 12 million controls using medical records showed that the prevalence of HF was only marginally lower in HIV+ patients on ART compared to untreated patients (prevalence rates of 6.4 and 7.7%, respectively) [4] . The overall prevalence of HF in this study was 7.2% in HIV+ patients and 4.4% in controls. HF admission is also more common in HIV+ patients and per our previous study using Health Care Utilization Project (HCUP) data, the age of first hospitalization for HF in PLWH is on average 20 years younger than those without HIV infection (53 vs 73 years) [5] .
The sustained increased HF risk despite significant reduction in HIV-associated cardiomyopathy in HIV+ patients on ART can be attributed to other mechanisms involved in pathogenesis of HF [7] . HIV+ patients continue to have higher rates of traditional risk factors for CHF, drug abuse, and CAD. Additionally, HIV+ patients are shown to have higher levels of autonomic dysfunction [8, 9] and inflammation [10] [11] [12] , which are considered novel risk factors for HF in the general population [13] . Finally, even though HIV+ patients on ART do not express overt cardiomyopathy, studies have shown increased subclinical cardiac mechanical dysfunction (both systolic and diastolic) and presence of myocardial abnormalities (fibrosis and steatosis). The natural history of these changes has not been studied yet, but if these processes are progressive, they can lead to even higher risk of HF as the HIV-infected population become older. Figure 1 provides a general paradigm for mechanisms associated with increased risk of HF based on the current state of our knowledge. Importantly, we believe many of the same pathways are involved in causing cardiac arrhythmias, as explained below.
Left Ventricular Systolic and Diastolic Dysfunction
Several studies have evaluated the systolic and diastolic left ventricular (LV) dysfunction in HIV+ patients [2•, 14, 15•, 16] . Cerrato et al. [2• ] conducted a meta-analysis of 11 studies that have assessed systolic and diastolic LV dysfunction using echocardiography (9 studies) or single photon emission computed tomography (SPECT; 2 studies). They reported that both systolic and diastolic dysfunctions are common problems in paucisymptomatic HIV+ patients (mostly on ART). In this study, the incidence of systolic dysfunction was 8.3% (95% CI 2.2-14.3%) and the incidence rates of grades 1, 2, and 3 diastolic dysfunctions (DD) were 31.9 (95% CI 24.9-43.7%), 8.5 (95% CI 2.1-14.9%), and 3.0% (95% CI 1.8-4.3%), respectively. High levels of high sensitivity C-reactive protein (hsCRP), active tobacco smoking, and history of myocardial infarction were significantly associated with systolic dysfunction, while older age and hypertension were related to higher risk of DD. Other studies have suggested that longer duration of HIV infection [17] , higher body mass index [17] , and exposure to zidovudine [18] were also associated with higher rates of DD. Hsue et al. [15•] reported an OR of 2.4 for DD in HIV+ patients compared to uninfected controls (p = 0.02) after adjustment for age and traditional risk factors. Studies have also shown that PLWH have higher LV mass, which has been associated with lower nadir CD4 counts [15•, 19] . Using tagged MRI and strain analyses, Lai et al. [20] also showed that in addition to global LV dysfunction, there is a higher rate of regional LV dysfunction in HIV+ patients.
Myocardial Fibrosis and Regional Myocardial Dysfunction
A recent study on 90 HIV+ patients undergoing combination ART and 39 uninfected controls with no history of cardiovascular disease using cardiac MRI studies reported that HIVinfected patients had a 6-fold higher rate of patchy myocardial fibrosis than uninfected individuals (76 versus 13%, respectively, p < 0.001) and 15% of HIV+ patients also had scars in the basal septum [21••] . The volumetric analyses also showed that the burden of patchy fibrosis in HIV patients was about twice of that of controls (p < 0.001). They also showed increased myocardial steatosis (higher lipid content) detected by MR spectroscopy. In a follow-up study from the same group [16] , after adding 13 ART-naive HIV+ patients and 53 controls to the previous study population, patchy fibrosis was found in 83% of HIV+ patients (including ART-naive patients) and 16% in controls (p < 0.001). Another study also reported increased myocardial fibrosis and steatosis in HIV+ patients [22] . The underlying mechanisms involved in pathogenesis of these changes in the myocardium, their associated risk factors, and the clinical consequences of these findings have yet to be elucidated. Several ongoing studies are trying to answer these questions and investigate whether changes in LV function and the increased risk of arrhythmia (including sudden cardiac death) in these patients are related to these changes in the myocardium.
Disparities in HIV-Associated Heart Failure
HF in PLWH has attracted the attention of researchers interested in health disparities, including racial/ethnic disparities and disparities in access to health care. Important differences in the incidence and mechanisms of HF [23] and even therapeutic choices [24] by race/ethnicity have also been shown to exist in non-HIV-infected patients. Considering these racial/ ethnic differences in the general population and the disproportionately higher incidence of HIV infection in African Americans and Hispanics in the USA [25] , race/ethnicity should be taken into account in studies on HF in PLWH and particularly their comparison with general population.
Disparities in access to health care include the differences between low-to-middle income and higher income countries as well as disparities in the care provided to HIV+ patients compared to HIV-uninfected individuals. In low-to-middle income countries, systolic HF remains a more important contributor to the CVD burden in PLWH, even as access to ART expands [26] . On the other hand, studies have suggested that HIV+ patients with HF are less likely to be optimally treated with antiplatelet drugs, statins, diuretics, and angiotensinconverting enzyme inhibitors/aldosterone receptor blockers (ARBs; p < 0.0001 for all comparisons) compared to uninfected patients with heart failure [4, 5] . HIV+ patients who are admitted with HF undergo less coronary angiograms, percutaneous interventions, and coronary artery bypass grafts [5] . These disparities may be related to their younger age and different risk profile or clinical presentation-a notion that is supported by lower in-hospital mortality in HIV+ patients admitted for HF, despite receiving less procedures [5] . However, further studies are needed in this field to determine the sources of these disparities and the possibility of reducing or eliminating them.
Biomarkers in HIV-Associated Heart Failure
In a companion article, we have discussed the role of inflammation in CVD, including HF. In addition, another important system that plays a significant role in pathogenesis of LV dysfunction and HF is the autonomic system and associated neurohormones, such as B-type natriuretic peptide (BNP), which provides more opportunities to study biomarkers. Both C-reactive protein (CRP) and BNP serum levels were significantly higher in HIV-infected patients, but no association was found between these markers and diastolic dysfunction [15•] . N-terminal pro-BNP (NT-proBNP), which is secreted by ventricular myocytes under increased ventricular stretch and wall tension, has been associated with CVD in Fig. 1 HIV infection, through several known mechanisms such as viremia, inflammation, coinfections, and traditional risk factors such as dyslipidemia, smoking, and substance abuse, leads to higher risk of coronary artery disease, microvascular disease, and autonomic/ neurohormone dysfunction. Subsequently, these abnormalities along with other unknown mechanisms result in myocardial disease and left ventricular dynamic dysfunction, which in turn give rise to higher risk of heart failure and arrhythmia the general population [27, 28] . A case-control study nested in SMART found that NT-proBNP was associated with increased risk of having a CVD event among PLWH, after adjusting for traditional CVD risk factors, as well as levels of serum interleukin-6 (IL-6), highly sensitive CRP (hsCRP), and D-dimer [29] . A recent study aimed to examine biomarkers primarily expressed or secreted by cardiovascular tissue in response to pathological stress, including soluble ST2, growth differentiation factor (GDF)-15, NT-proBNP, and high-sensitivity troponin I. All of these biomarkers, except ST2, were elevated in HIV+ patients compared to HIV− individuals. Only ST2 was significantly associated with DD. GDF-15, NT-proBNP, and cystatin C were significantly associated with pulmonary hypertension. ST2, GDF-15, hsCRP, and D-dimer were all independently associated with all-cause mortality in adjusted analyses, and these associations remained significant when restricting analyses to virally suppressed HIV-infected patients undergoing ART [30] .
Treatment of Heart Failure in HIV-Infected Patients
There are no published clinical trials on treatment of HF in HIV+ patients. Among drugs used in HF, digoxin is found to be highly active against HIV-1 in vitro [31] and if this is validated in human studies, this may be an attractive choice in HIV+ patients with HF. While the specific benefits of angiotensin-converting enzyme inhibitors and ARBs on heart failure are not reported, a pilot study has suggested that ARB (telmisartan) may increase endothelial progenitor cells (EPC) and improve vascular repair in older HIV+ patients (median age, 60) [32] . Also, an older retrospective study on 49 HIV+ children showed that intravenous immunoglobulin (IVIG) could improve LV wall thickness [33] . HIV+ patients should also be considered for LV-assisted device (LVAD) placement and heart transplant. Unfortunately, more than half of transplant centers in the USA consider HIV+ serostatus as a contraindication [34] , while the guidelines from the 2001 United Network for Organ Sharing (UNOS) states that asymptomatic HIV+ patients should not necessarily be excluded from transplant lists. The limited available data do not show any difference in the outcomes of heart transplant and LVAD in HIV+ patients on ART compared to the general population [34, 35] .
Cardiac Arrhythmia Atrial Fibrillation
Atrial fibrillation (AF) is the most common form of arrhythmia in the general population and a major contributor to several comorbidities such as stroke and heart failure [36] . However, little is currently known about the relationship of HIV infection and AF. In a large study of veterans, the ageadjusted rates of AF found in HIV+ veterans were noticeably higher than the rates reported in several other cohort studies in the general population [37•] . As expected, this difference was even more striking in younger age groups. For example, the crude incidence rates of AF in age groups 35-44, 45-54, and 55-64 in HIV+ veterans were 1.8, 3.7, and 8.7 per 1000 person-years, while these rates in HIV− participants of the Manitoba study were 0.1-0.25, 0.5-0.8, and 2.3-3.7 per 1000 person-years [38] . In multivariable analyses, after adjusting for traditional risk factors, markers of HIV disease severity such as a lower CD4(+) cell count and higher viral load were associated with higher risk of AF. Other important risk factors for increased risk of AF included older age, Caucasian ethnicity, CAD, HF, alcoholism, proteinuria, renal dysfunction, and hypothyroidism [37•] .
Another important consideration in management of HIV+ patients with AF is anticoagulation. Recent analyses using Veterans Affairs HIV Clinical Case Registry [39] suggest that CHADS2VASc score was not a strong predictor of thromboembolic events in this subgroup. Furthermore, they found that warfarin therapy was actually associated with more thromboembolic events, even after adjusting for CHADS2VASc score (HR 2.2 [95% CI 1.1-4.7, p = 0.04]. These findings have important clinical implications, suggesting that more complex pathophysiologic mechanisms may be at play in HIVassociated AF than is known about AF in non-infected patients. Further studies are needed to elucidate the underlying mechanisms and risk factors for AF, particularly in view of our increasing knowledge of other structural changes in the heart of HIV+ patients.
Sudden Cardiac Death
Sudden cardiac death (SCD) is another subtype of CVD that is suggested to be more common in HIV+ population. As summarized above and in the companion article published with this paper [1] , there is growing evidence indicating that HIV+ patients are at higher risk for most common causes of SCD, including CAD [15•, 20 [4, 5, 47] , pulmonary hypertension [48] , and some arrhythmias such as prolonged QT interval [49] . However, only a few studies have evaluated the risk of SCD in this population. In a single-center retrospective cohort study of 2,860 consecutive HIV+ patients in a public HIV clinic from 2000 to 2009, SCD accounted for 13% (30 out of 230) of deaths and the SCD rate was 2.6/ 1000 person-years, demonstrating a 4.5-fold higher rate than the general population [50] . Another study in the same population suggested that, as expected, LV systolic dysfunction and diastolic dysfunction were strongly associated with higher risk of SCD [51] . However, given that HIV infection is associated with higher risk for most of common causes of SCD that are listed above, further studies are needed to determine the relative contribution of each of these etiologies as well as other HIV-specific factors such as ART medications (or their interruptions) and chronic inflammation.
Cerebrovascular Disease and Stroke
Data is steadily emerging to help us further understand the burden, causes, pathogenesis, and management of cerebrovascular disease in PLWH. It is estimated that 1-5% of PLWH experience clinical stroke, although ischemic lesions are seen in 4-34% of brain autopsies in this population [52] . Studies have reported increased risks of all-cause stroke (adjusted HR of 1.6-1.8) [53, 54] , ischemic stroke (adjusted HR of 1.2-1.4) [53, 55, 56] , and hemorrhagic stroke (adjusted HR of 2-3.3) in PLWH compared to uninfected individuals [53, 57] . Risk factors associated with these increased risks vary in different studies, but a lower CD4 count before initiation of ART [54] , exposure to abacavir [54] , higher HIV RNA levels [55] , having AIDS-defining conditions [57] , African American ethnicity [58] , hepatitis C infection [57] , illicit drug or alcohol abuse [57] , heavy alcohol consumption [59] , intracranial lesions [57] , and coagulopathy [57] were all strongly associated with a higher risk of stroke. As reported for other CVD, PLWH appear to experience stroke at younger age, with a reported median age in 40s in the USA [60] and 30s in lowincome countries [61, 62] . Given the low incidence of stroke in the general population at this age range, the HR of stroke associated with HIV infection appears to be higher in younger age groups. For example, in a study by Chow et al. [63] , the HRs for hemorrhagic stroke at age 30, 40, and 50 were 2.7, 1.9, and 1.3, respectively, when comparing HIV+ to uninfected individuals. This is also consistent with the higher rates of atrial fibrillation (see above) and atherosclerotic involvement of the carotid arteries (see below) in HIV infection at younger ages.
With the introduction of ART, ischemic stroke has become the more common subtype of stroke identified in PLWH [52, 53, 64] . Some mechanisms that are thought to contribute to the higher prevalence of ischemic stroke in PLWH include: HIVassociated vasculopathy (20-32% prevalence) [60, 61] , coagulopathy (19-49%) [60, 61, 65] , opportunistic infection (13-28%) [61, 65] , and cardioembolism (5-15%) [61, 65] . HIVassociated vasculopathy, the mechanism most associated with HIV-associated ischemic stroke, is characterized by specific cerebrovascular changes including stenosis and aneurysm formation, vasculitis, and accelerated atherosclerosis. Further studies are needed to determine the pathogenesis of this vasculopathy, but mechanisms similar to those explained for CAD, such as inflammation and endothelial damage, appear to play an important role [66•] . Even HIV+ patients on ART have higher levels of inflammatory markers [10] and baseline levels of markers such as IL-6, soluble tissue necrosis factors α I and II, soluble CD14, and D-dimer are significantly associated with increased risk of stroke [12] . In addition, HIVassociated coagulopathy (e.g., antiphospholipid syndrome) has emerged as another important mechanism of ischemic stroke in PLWH. Cardioembolic events also appear to play an important role, given the increased rates of atrial fibrillation and the challenges in anticoagulation in these patients, as detailed above.
Researchers are currently moving in the direction of developing systemic evidence-based approaches to help appropriately diagnose and classify the subtypes of HIV-related etiologies in ischemic stroke. For example, developed a diagnostic algorithm for stroke that was designed to give greater weight to etiologies that are well-established and/or have treatment implications [64] . In addition to the work up for routine causes of stroke, this algorithm includes diagnostic steps to evaluate specific causes of stroke-like symptoms in HIV-infected individuals, such as co-infections and HIV-associated vasculopathy. Approaches like this will have to be validated in prospective cohort studies to evaluate their clinical utility.
There are other non-stroke processes that can present with acute focal neurologic deficits and have been referred to as stroke-like syndromes or stroke mimics. In the absence of large prospective studies, the high prevalence of these stroke-like syndromes, which are estimated to present in up to 15% of patients in HIV-endemic populations [67] , it is a challenge to estimate the accurate burden of true stroke. These syndromes are frequently associated with opportunistic infections that cause focal central nervous system (CNS) lesions such as tuberculosis (tuberculoma), fungal infections (cryptococcoma), progressive multifocal leukoencephalopathy (associated with John Cunningham (JC) virus), and/or HIV-associated lymphoma (commonly associated with Epstein-Barr virus (EBV) infection). Other opportunistic infections, such as meningovascular syphilis, have been shown to cause ischemic stroke in several documented case studies [68] . With the reemergence of syphilis, particularly among PLWH, syphilis testing seems to be an important component of stroke work-up in PLWH.
As in other CVD, the role of some ART drugs (such as abacavir) in increased risk of stroke remains controversial. However, as mentioned above, studies have consistently shown that poor control of HIV infection is associated with higher risk of stroke [54, 55, 57] . Stroke management and prevention should include identification and treatment of the specific cause of stroke and stroke risk factors, and judicious adjustment of an appropriate ART regimen.
Vascular Diseases
The mechanisms that are involved in the pathogenesis of CAD in PLWH, as detailed elsewhere [1] , can also affect the extra-cardiac vascular system to a varying degree. However, the results of the limited available studies on the involvement of the vascular system have been less consistent than studies on CAD. This may be due to several reasons, including smaller sample size of these studies, the inability to control for confounders, and varying approaches used to assess the vascular system.
Carotid Artery
Among the great vessels, atherosclerosis of the carotid artery is studied most widely, partially because of the ease of measuring carotid intima-media thickness (CIMT) with ultrasound and its recognition as a measure of subclinical atherosclerosis and its association with CVD outcomes. In fact, a significant part of our knowledge about atherosclerosis in PLWH has originated from studies on carotid arteries, rather than on coronary arteries. Detailed review of all these studies is beyond this article. Briefly, some studies have shown increased CIMT in PLWH [40, [69] [70] [71] , while others have shown that this involvement is limited to only some subgroups [72] . A pooled analysis of 5 large cohorts of the National Heart, Lung, and Blood Institute (NHLBI) HIV-CVD Collaborative concluded that HIV infection was associated with higher CIMT (both in common carotid artery and in carotid bifurcation) in younger ages (6-29 years), but not in middle-aged (30-49 years) and older (50-75 years) adults [73] . These findings are consistent with what was described for differences in risk of ischemic stroke in PLWH across lifespan (see above). In a systematic review, although CRP, IL-6, and D-dimer were positively related to CVD in three out of four studies, these biomarkers were not related to CIMT, and there was a significant heterogeneity in studies of inflammatory markers and CIMT [74] . While these findings are inconclusive and still need to be investigated further, they highlight the need for better measures of subclinical atherosclerosis in HIV+ patients.
Aorta
Evaluation of the aorta requires more advanced imaging modalities than ultrasound. Therefore, there are fewer studies investigating the association of HIV seropositivity with inflammation in the aorta. A recent study comparing the uptake of 18 F-fluorodeoxyglucose (FDG) by PET in the ascending, descending, and abdominal aorta in 26 HIV+ patients on stable ART and 25 controls [75] found no difference in arterial FDG uptake in any of the aortic regions between the two groups. There were also no notable correlations between FDG uptake, intima-media thickness (IMT), and soluble biomarkers of inflammation in either group. This contradicts a previous FDG PET study that found significantly higher aortic uptake in 27 HIV+ patients on stable ART compared to controls who were individually matched on age, sex, and Framingham risk score. Additionally, the investigators found a significant association between aortic FDG uptake and sCD163, but not with CRP or D-dimer [76] . A third study, using MRI to examine the thoracic aorta in 84 participants, found significantly greater mean vessel wall area and wall thickness in HIV+ patients with detectable viremia and significantly greater mean vessel wall area but not thickness in HIV+ patients with undetectable viremia, when both were compared to uninfected controls [77] .
Peripheral Arterial Disease Most of the studies evaluating peripheral arterial disease (PAD) in PLWH have used anklebrachial index (ABI), the ratio of systolic arterial pressure at the ankle over that in the brachial artery, as a non-invasive method of detecting subclinical PAD. In the general population, the overall prevalence of PAD has been estimated to be in the range of 3 to 10% [78] . However, studies have been inconsistent on whether the prevalence of PAD in HIV+ populations is higher or lower than in the general population [79] [80] [81] . Recent studies have shown low prevalence of PAD as measured by ABI in HIV+ populations that is similar to the prevalence in the general population [82, 83] . More importantly, ABI in HIV+ patients was not correlated with CIMT or traditional risk factors for CVD [83] . Overall, while PAD is considered as a CAD risk equivalent in the general population, it does not show as strong of a correlation with CAD in PLWH. More studies are needed to elaborate the causes for this inconsistency.
Pericardial Diseases
Pericardial effusion was a common cardiovascular sequela in pre-ART HIV patients, especially among those with advanced AIDS, and it was independently associated with increased mortality [84] . With the advent of ART, mortality due to pericardial effusion among HIV patients has dramatically decreased, and in a study of 802 HIV patients, 85% of whom were on ART, only 2 patients had echocardiographic evidence of pericardial effusions [85] . A more recent study using cardiac MRI, which is a more sensitive method that can detect small pericardial effusions, in 103 HIV+ patients (mostly on ART) and 92 non-HIV-infected controls found that small pericardial effusions (<1 cm maximal diameter) were found in 57% of HIV patients compared to 21% of controls (p < 0.001) [16] . Although these small pericardial effusions were not hemodynamically significant, they support the presence of low-grade inflammation even in patients on ART.
Pulmonary Arterial Hypertension
Pulmonary arterial hypertension (PAH) is a serious progressive disease characterized by elevated pulmonary arterial pressures and pulmonary vascular resistance, resulting in right ventricular failure and premature death [86] . PAH has been a known complication of HIV infection, with HIV-associated PAH having similar clinical presentation and histology to idiopathic PAH [87] . The prevalence of HIV-PAH was estimated to be about 0.5% among PLWH before widespread use of ART, and this prevalence seems to not have changed over time since then [88] . HIV+ individuals are 2500 times more likely to develop PAH than the general population [87] . HIV-PAH is well-studied and the literature is abundant, so we will attempt to discuss it briefly and broadly here. The most recent systematic review of HIV-PAH in 2010 [89] found that the baseline CD4 count at PAH diagnosis was 352 ± 304 cells/μL, and 53% of individuals diagnosed with PAH were classified as having AIDS. The most common symptom was dyspnea, present in 93% of patients. Common findings from ancillary tests were cardiomegaly (80%), pulmonary arterial enlargement (75%), right ventricular hypertrophy (81%), dilated right atrium (59%) and ventricle (97%), and tricuspid regurgitation (70%). Mean pulmonary arterial pressure via right heart catheterization (RHC) was 55 ± 13 mmHg, right ventricular pressure (RVP) via echocardiography was 75 ± 19 mmHg, pulmonary capillary wedge pressure (PCWP) was 12 ± 6 mmHg, and the cardiac index (CI) was 2.6 ± 0.3 L/min/m 2 . Treatments were variable, and the most common were ART (32%), prostaglandins (28%), and diuretics (22%). Bosentan, ART, and prostaglandins were all reported to be beneficial in improving hemodynamic and functional status [89] . A 2001 systematic review [90] aimed to determine associations between HIV-PAH and the following: HIV risk factor, degree of immunosuppression, AIDS, and liver cirrhosis. No correlation was found between pulmonary systolic arterial pressure and CD4+ cell counts, but a statistically significant difference in the degree of PAH was found between those with AIDS and those without. The authors concluded that HIV-PAH seems to be related to cytokine-related stimulation and endothelial proliferation. High cytokine levels, caused by a HLA-subtypemediated host response, can favor PAH [90] . A recent retrospective review [91] of National Hospital Discharge Survey data and multiple-cause mortality data from the National Vital Statistics Systems in the USA found that the prevalence of HIV-PAH among PLWH at hospital discharge and death was significantly lower than prevalence estimates in the literature. The authors concluded that HIV-PAH is underdiagnosed at discharge and can remain undetected until death, and recommended that screening guidelines for HIV-PAH be implemented [91] .
Conclusions
The increased risk of CVD in PLWH is not limited to CAD. HF appears to be another important subtype of CVD in this population and subclinical impairment of LV dynamics (systolic and diastolic function) and myocardial changes (fibrosis and steatosis) are common in PLWH. The underlying mechanisms of these findings as well as their clinical importance in the aging HIV population may become clear in future studies. There is also some evidence for increased risk of atrial fibrillation and sudden cardiac death in PLWH. These patients are also at higher risk of stroke, particularly ischemic stroke. More studies are needed to elucidate the risk of vascular diseases in this population. Small pericardial effusions with no significant hemodynamic compromise continue to be a common finding in post-ART era. Finally, PLWH remain at significantly higher risk of pulmonary hypertension, and this risk has not changed since introduction of ART. The risk of most types of CVD, including HF, stroke, atrial fibrillation, and atherosclerosis of carotid arteries is higher at younger ages. As HIV+ patients live longer to encounter more of these cardiovascular diseases, further studies are needed to determine the epidemiology and clinical importance of these diseases and develop diagnostic and therapeutic guidelines specific to this population. More importantly, the research on risk of CVD in PLWH could provide insights into our understanding of the role of inflammation in pathogenesis of CVD in general population.
